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^ «llcfl£}-7ll\i 3-^a-L-^-^^^(i^2)-[p-D-#^-^e^ii^(l-*4)]- 

a -L-°>^al 2]-^a>o1 ^(hederagenin 3-<9- a -L-rhamnopyranosyl (1^2)-[ p 
-D-glucopyranosyl (1— »4)]- a-L-arabinopyranoside) iE.^- H# U-fr^r^- 
(Pulsatillae radix) JL^^-(solid tumors) ^S^l^i^ -g-£^l ^tr 3H^r. 

£ 4 
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n cfl 3- 0 - a - L -^^^ e]-^ (1— >2)-[ {3-D ( 1^4) ]- a - L 

5}yl^2]5|^Afol = gcfa. ^-o.^ yj}^-§- ^##2} JL*g<£ £.7]] g,*) Si\ -§-JE{Use of 

hederagenin 3-0- a -L-rhamnopyranosyl (1— »2)-[ {3 -D-glucopyranosyl (1— »4)]- a 
-L-arabinopyranoside or extracts from Pulsatillae radix containing the same as 
therapeutic agents for solid tumors} 

5. 1-8: ^ WT^l ^H]^ TLC 3fl€^r iL^^ 

£ 2^ ^flsM^CSephadex) LH20 ^ SPX3^ ^^^^ TLC sflU^ Ji^^ 

i^o]^ ; 

£ 3^r ^-^ SPX3^ HPLC 3Sd>szl^o1 JL; 

£ 4^ SB36521 HPLC aS-^S^^^cl. 

<5> a. gj.^ 1S _ S a1^^ §)1 t-fl 5|-7ll \d 3-^-a-L-^-^e^^(i-^2)-[i3 

( l— 4) ]- a -L-o>sfwl 2r^ A r°l = (hederagenin 3-0- a 
-L-rhamnopyranosyl (l-*2)-[ p-D-glucopyranosyl(l-*4)]- a -L-arabinopyranoside) -EE-^- 
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H« ^-R-*}-b ^-^-g- ^##^1 Jl^<a-(solid tumors) alfiXflS.*^ -g-.£ofl 

<6> !] 



^-g-Cl^Slft; Pulsatillae radix)£ ^M^^^^iRanunculaceae)^} it 
^{Pulsatilla koreana)^?}^, ^-g-^]#, 1999)^ 

*V«HH ^-g--^ 3^, <£^, JL^o] oi^ ^o.^ ±.<$, *1 

sh ^cf. zl ^ «H^-g-5j.(^narE)5r3i *h ^(i«)-a- ^l^m^i a>.§- 

^-S-oflfe ^ 9%^ a}i^ (saponins) <>1 ^r^H ojo c j i Q^v}*) 
S.^ *\7] S\-n-q 2°ll w>sf ^ =S£o}Li]£ul(protoanemonin), oj.vil5.\d 

(anemonin), &r^-l-^l(ranuncul in) , *1] cfl s^l^i (hederagen in) , wfl-&^[ y y:(betul inic 
acid) ^ #eflo}~^Koleanolic acid) -H-iE^l^- n. tifl#*fl ^-o] oicf: 




OH 
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< 9 > [Sj-^ 2] 




*l*leMI<d ;R = H 
2*<a*< ; R = glc-gal 



A. 




2&-sV»|sJVl-«lfcSi-!± ;R,=R 3 = H.R 2 =OH 
;R 1 ,R 2 = O.R 3 = H 
^av^saVoIe A ; R, = R 3 = H, R 2 = are 
^a>^s.av»is B;R,=H, R 2 »OH, R 3 = g!c-glc 



<10> tflSrH °l-f-<H*l*lfe- &5*°.M-, 

(Vonderbank, F. , Pharmazie, 5, 210, 1950), Li -§-(Li , R. Z. Yao Hsueh Hsueh Pao 
. 28, 326 31, 1993)^ e^#^°l KB ^°fl tfl*fl *1|i-^-§: M-bHM , zi 

^ 7]^^- DNA ^^Jl^l ^«flefjL ^ jo.*}" h> 
<n> *llc-11s}7fl\i 3-0-a-L-^5i)2l-^(l-*2)-[p-D-#^-S3r)^^(l->4)]-a 

-L-o>e}ti]^e^-ic:A>ol = ^ Shimizu ^-(CJiem. Pharm. Bull., 26, 1666, 1978H 
Pulsatilla cernaty P. koreanaS.^] , Yoshihiro tH/. Vfef. Pro., 62, 1279, 1999)°1 
P. ch/nens/sS^^tf , ZLElJl Ekabo yVaf. Pro/., 59, 431, 1996)^& Serjania 

salzmanniana SchlechtS^f E-i «> , # ^(Arch. Pharm. Res., 12(1), 

42-47, 1989)°] P. >fore<?/7aS-^ o] n] *fl^-°J?}: u > 

Yoshihiro -g-*HH 31 Hi 2} Til \i * *Bflo>^V -fKE*il -f-o] HL-60 
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^l^C leukemia) M}^} tflsfl H^^ci o}^*- ^u}^ 

£3^: SNleMM 3-tf- a -L-^icS) B}i^ ( 1— 2)-[ f3 -D-#^-^s] e}i^3 ( l— 
4)]-a-L-o>2^Hlii5q^A>o]^7> HL-60 ^]S<H1 tflSH ED 50 3.8 //g/m«^ sf^ 

31-1- ^tj-jl ^ ^ ^o], ^HeMlvi 3-^a-L-^3q^^(1^2)-[ 

¥r ^^^V-i-^r ^_3L(Anthriscus sylvestris Hoffman) , ^-g-g- ^r#^ 
^o_^«-Ei cfl^-Ali£^s^-^l(deoxypodophyllotoxin)^: £-^*flt-lH , °1 ^I*R0 
^(angiogenesis) 3*fl JL^# >*1lS3 ^-g- ^lth}^ *Kl-£- ^^fli, 

^-^ ^1315,2005:1- <>H *\ 3XA. ^ilS^Ei £E nf^- *J-o}- 
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<14> ^-JL^&SLS.*], ^)c-1l£)-7ll\d 3-(9-a-L-^3le}-^(i-*2)-[p-D- 

^ ( 1-4) ]- a -L-^>^al t n] e^Afoj j= § $-ft.*H=. s.^} 

<15> Jl^oj-O]^ 1<*]<>M- 2.^ Ol^-^^l o}vg- 7>S]7l^, 

<16> ,& ^ofl ^O^, ^] 

3-0- a -L-#^s] ( l-*2 )- [ p -D-#^-S^ ( 1^4) ] _ a -l-o}^! ±s\ x%±a\o] 2= 

(Sephadex) LH20 -f-^M^, Rf7f 0.48~0.5°l:n. T a] 

^VH ^ ^-g- M-eMtt £-§](SPX3)* ^lSf-A^.^ <^4r <r 9X^. 

<18> o}t}, ^-§. Aj-^^i ^^^vcf. 

<19> ^-^oflx^, «Jj^^- 50% ^#*V * zl ^ oHl^-ofl -g-*fl£)*l #3=. 

WT M-fr ^ZL, on- ^Sj-tj^ LH20 #6(|^ d^- ^l<5}a} SPX3 ^-^^ <2&°-*1, ol^ 
^^e-S. ^^91 SB365* <£$tf. °1 3] c-fl ej-Tfl \d 3-0- a -L-^-^ 
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sJ-^aj ( l-»2)-[ p -D-^-f-ss] ej-^^ ( 1—4) ] - a -L-° r ef «1 e}-^A>o] = 3.^ t v}°-^ sfl 
<& M]2.9l LLC (Lew is Lung Carcinoma) ^ <&*\) sfl^ *\]S.<& NCI-H23 ^115. ^ 

<21> (1) ^-^-g-^S^-B] ^-OJ- WT^ *fl2: 

<22> .aflJf-g- 50% ofl^ ^-g-ofl ^#^>ZL ^2:^4. ^^^1 

5-10 «fl^B] oM^-S- 7>*H ^#<H $ 3000 rpnHlAi ^ ^ ^-ej ^fcxj Aj-^i 

°A-Br ^T^oL <*&Cf. °1 Aj. 7 | 2 S\ til^-^cf. 

^lf^^ ^#1-8: #<i ^ l^£S £S} WTS ^l^rSitf. o] ^n^r LLC 

BDF1 n>o.^ ^ NCI-H23* o]ai*V Pf^ofl cfl*t ^ ^ 

<23> ( 2 ) ^-^ WTS.^ ^ SPX3^ ^2: 

<24> «33 WTS-JfEi #]*r^ <^aj ^-JE<J] Dfl^ ^-g-ofl Qj^ofl -g-^Al^l JJL, 

o>^^l^l 4 4^ LH20 7>§>31 -g-ll-g- ol m 80% 

^-§- OJ l *1 ^-5] Jl^V 7># #5*^, *3 WT 500 nig* 3tr 

*fl£ 3.7^ 60>4 cm7> ^^-s>^cf. zl ^sf, £-33 SPXlM^ ^Jl 66-91), SPX2(a] 
^ ^JJ: 66-91), SPX3(^1^^ ajjE. 91-111) ^ SPX4(^1^^- *JJl 111-138)* <£&i=t. 
=1 ^ SPX3^r * 71-1 A] ^^-ofl^ ^A]}^ L^E}-Lflcf7> Aj^Vo] ^ij-^ ^d) . 
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# ^Ef^H , Rf &°] 0.48-0. 50^ *H]# ^ ^ ^-^o.^, LLC °1 

^tb BDF1 "^i gj NCI-H23* ^>-f^°fl tfl^ ^ ^4 ^ 

<25> (3) -g-s} SPX3S^-B] 1-^ SB365^1 #3 

<26> M-Ej-^fl SPX3 £r^o_5^M ^ l-^-a- #E^>7l HPLC1- *r3)*> 

^ M SB3651- <2&4. SB365S1 fit ^-<?}*}7l Jfl*M, S] wfl s n>-«.* 

H(Liebermann-Burchard) IR, ^-NMR, 13 C-NMR ^ ^1 ^/^ 7H^*fll- f^*V 

^4, SB365tt ^-S-^H <>H £e}€ w> 9X^r *}S.\1 3-^a-L-# 
^Ef^(1^2)-[p-D-#^S5q^^(l^4)]-a-L-6>e1-tili 1 5i]5}i 1 A>olcoi ^o.^ «v 

<27> M. 4 = tifl^-§- ^##o1l4- ZL^JfEi -g-^sl ^ SB365^r JL^Q 4 

^ofl tH*H M-eHH ^-g-ofli i^-jl, -f^tb 14t 

M-E^^r ^-g; ^Le^s. <y^H A>.g-^ji oi^ 7)^ %>^ll-ol 1 

<28> «fl^-g- SB365tt ^Ml^ §<>HH -§-^3-° 3. ^-g-s]^ #*fl 

sq- afl^H £°HM <« M ^*fl, €^*fl ¥^ ^f 
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<29> ^ ^«.o} AfsHl cfl^j. -g-^ SB365^ ^-f 3.5-8.0 mg/kg *H^°1jL, 

SPX3^ ^-f 20-40 nig/kg Sflfoloj, WT^ ^-f 200-300 rag/kg ^l^^cf. -g-^ 
WT^ 250 rag/kg SPX3£) 25 rag/kg *fl^°M , SB365^ ^-f 6.5 rag/ 

kg *H#°m. ^4 -S-71 .g.^ j=o} tfl^vo] ufol, ^H, ^tg 

<so> oi^v, ^*HH ^*fl ^^§>M-, o]s.oH o)sfl ^. ^ 

<31>^Al^l l: ffT ^ 

<32> ^-^--g- ^ 50 g-t- 50% <HHEM: n^-g-^ 500 in£5. 3 S] ^#s>ZL #<y- ^Hl*l 

«H 22 g-fr ^534. °1 <>H1^ 300 ntf* 7>^H ^1"^ § ^ 3000 

rpnHH €^£iM*H ^^-i- ^|71*VJ1 ^#-8: £534. °1 ^^ofl tfl^ ^ 
S^-a- 2 s| *>4^ «MI€- Hl5lH ^S#(WT 17.8 g 

-§- £<H^ WT -grlHl tflSM TLC# i r^^>At^(^7fl-g-nfl; J^-fr: 

a MB^:t=4:l:l, ^ ti J-g-; ^ , =L £ ^ifl^cf. 

£ Rf 0.48-0.50 A>olofl oi^ ^aB aV^o] ^#*Kr ^-§-#^1 «fl^tb4. 

WT *}7l ^J^Hl lofl uj-El-'a «}4 LLC M]£.^ BDF1 tfl*ll 
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tiling *^(^^- inhibit ion rate of tumor growth): 57%)* 4*3- 

<33> ^ofl 2: SPX £-^Sl ^2: 

<34> £3} WT 560 mg* *im*:-I-=80:20* ^>-§-^>^ ^1^^ LH20 1^(200 g, 60>4 

cm) <H1 ^-i -frt^rS.* 1 ^ 1 ml, -g-^* 7fl^ ^-ti.^- 0.5 mlS. «H £-^* «8«V 
534. °1« S-S}* *H(|tfl3. ^e]?>€ ^ #cfl * 3l7fl*H ^sj-g- q-^tK 

7fl -g- nfl; -T-€:-i- : °M1 B^V : #=4 : 1 : 1 , ^«h§-; %-£* §^-tr * 7}<tf-). ZL 
£ 2<*fl q-Bj-ifl^cf. £ 2*1H, SPXK139 mg, 24.8%)£r »]Jr 26-66* 2.^ 

S 4 7flolji o>sfl %^V3f %^o.S. tiV-g-^-cf. SPX2(344 rag, 61.4%)^ 

7>1^^ #3. 66-91* S.-& 53 AS 2 7fl<2l ^ SPX3C61 mg 

, 10.9%)^ 91~111* 3<>H ^ * ^-g-^1^ *m-2r M-El-lfl 

t} 7 > Al^o] ^j^]-^ ^Jj* M-El-iflT^, Rf fto] -3-3.03. 0.48-0.50 ^ 
^* t #^3 ^ ^-^olcf. SPX4(15.7 rag, 2.8%)^ 111-138* £r3°l 

^ , SPX3 9\ SPX4fe #<>1H^ tr 7fl^ aV^* J±°l^r HlJE^ ^£7f fc£ ^r^^°) 

A. 

<35> g]-7l ^oil loll u|-e}-^ ^ol, SPX3^ ^ ^ 15 <U*H ^*ll* 60% 

1- Ji<y o.3.^ Ir'SHd* q-Ej-ifl&o.^, SPX1, SPX2 ^ SPX4^r ^--g-o] 

tr SPX3 ^-^^r n *}*fl3 a>-8-^- *r $14. 
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<36> *}X\d\] 3: SB365^ 

<37> SPX3 ^^S^El ^ fc^-fr ^-a]^>7l °>2flsf ^-o} HPLC» 

^, ^e|?l-€(RP-Ci 8l 250>i0 mm, MetachenvM-)-§- , ^^SSlS.^ 

= 80:20-1- n-g-^Jl, 210 nm, -fr^r^r 1 ra*/-g-<>l5M. zl £4* £ 3°\) M- 

Efqj^cf. £ 3°fl M-Ef^ a}<2}- £o], SPX3^ 3 7flfil ^ #^5L &cf. 
£-^o_ S iL^ rt 8.5 10.4 -g-^ ^3.^ ^-R-s>jl , rt 

23.3 M Sfl^SRr ^ ^>7> ^ 7 >^ 

23.3 -g-^o) -g.^ i^^-o^ SPX3 31 SB365 2.8 mg-§r £&4. i^t!: 

23.3 ^-g- ^ fl*H 2# *HH 4*1 HPLC 

1- ^4534. =1 ^4* £ 4*11 44^53-^, o] S «-Ei SB3657> -§-^^1 4 

^^ojcf. ol^Tl] *H SB3651- 4?1 ^ g %Voj- ^^ofl 3i 4-g-S}S|4. 

<38> f;}7) ^o]j i ^ 2^1 44^ 44 ^-o] , SB365^ LLC *\]3L9 o]M^. BDF1 

^ NCI-H23 45L» ^l^t!- ¥^-°]-4-^ 0 1l A 1 44 81% ^ 82.1*Sl 444 
<H -f^fc tftf 44^&4. 



<39> ^ofl 4: ^ ^-^ SB3654 ^-2: ^ ^ 

<40> -#7H14 §E|^ SB365^ m.p. 239-241 °C , [a] D =+23.6 °(c, 0.2, MeOH)^ 
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IRCcm- 1 )^^^ 3400(br, -OH), 2940(br, C-H), 1695(C=0), 1455, 
1040CC-OHH 3H];£]fto.^, 1000-1100, 3000-3400^3} ^tfll- ^ *^z\)<£ 

iH-NMR-g- iL^ NMR afl^ afsji oioo] , 6 7fl<5] -CH 3 7l#ol 

0.91, 0.92, 0.98, 1.00, 1.07, 1.21 ppm^H ^-% v s)^Jl, IE -C\l 3 7)7} 1.64 ppm 

°iH cl-MC doublet)^ ^ # ^ 1 7fl^ t^i7} 

^s\9X°-V], o>^o] HS^-(anomeric proton)^ 6.25(br.), 5.11(1H, /=7.80 
Hz)Sf 4.97 ppm(lH, /=6.66 HzHH rcj-ej-A-} SB365^ 3 7fl^ #c>l 

13 C-NMR«fl^i^ 65.4 ppm(C-23HH «H ^a]v\}^ 7 }7} 3 7fl 

ig± Alzi^-i-o] zj-z}- 140.2(C-1' ), 106.7(C-1" ' ), 101.7 ppm (C-l* M*\ , ^ 7fl^ 
-§:3]^ #±7} 122.5 ppm(C-12)-4 144.8 ppm(C-13HH ^t^^ji, 9}^X\ Q± 

7} 180.2 ppm(C-28HH ^^^^^ 2 8 ^€ ^ ^ 4 Hz^l 

#el^5|- 4l^H(glycosylation upfield shift)7> 14^14x1^(180.2 ppm^ 

176.2 ppm), o] S^-i-ofl^ o^9\- Z>£- i&^o] ^gs)*] ^0.5. ^.cj- 28 31 *H1 

C-NMR4 ^-NMR-g- a]jE5fl£- ^4 SB4657> «fl cflej-TllVd^^: SKl^i}. SEiK 7K^Sfl 
^ aim TLC^l ^ t A i ofel-Hl^^ 3! t^3i«J ^ l^sl^tf . 
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<44> o)^o\ ^42}- «.^s] cflo]E]l- f^- ^tlr 34. SB365^ -^#3.-^ 

°H »> ^i^^l, *INeMl\i 3-^a-L-^-^^^(i^2)-[p-D-#^ 

<45> SB365^ 1 H-NMR ^3 13 C-NMR £>7l a H ufn]-^ «l-st|- ^-cf. 

<46> 
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<47> 





(ppm) J (Hz) 


,3 C (ppm) 




'H (ppm) 


J (Hz) 


ia C (ppm) 


C-1 




38.9 


r^l QU\I lUOO 








C-2 




26.1 


n-v 


A Q7 H 


D.OD 


140.2 


C-3 


3.28 d 10.9 


81 .0 








80.4 


C-4 




43 5 








75.4 


C-5 




48.1 








76.2 


C-6 




18.1 








63,9 


C-7 




32.8 


ni loJili JUocJ 








C-8 




39.7 


c-r 


6.25 br 




7 

lUl.r 


C-9 




47.8 


C-2" 






72.3 


C-10 




36.9 


C-3" 






72.4 


C-11 




23.9 


C-4" 






74.1 


C-1 2 


5.45 s 


122.5 


C-5" 






69.6 


C-13 




144.8 


C-6" 


1.64 


5.94 


18.6 


C-14 




42.1 


Glucose 








C-15 




28.3 


C-1"' 


5.11 d 


7.80 


106.7 


C-16 




23.8 


C-2"' 






75.0 


C-17 




46.2 


C-3"' 






78.5 


C-18 




41.9 


C-4"' 






71.2 


C-19 




46.4 


C-5- 






78.8 


C-20 




30.9 


C-6" 






62.5 


C-21 




34.2 










C-22 




33.2 










C-23 


4.36, 3.67 overlap 


65.4 










C-24 


1.07 s 


14.0 










C-25 


0.91 s 


16.0 










C-26 


0.98 s 


17.4 










C-27 


1.21 s 


26.3 










C-28 




180.2 










C-29 


0.92 s 


32.8 










C-30 


1.00 s 


23.7 










l: LLC 


BDFl 


.41 ^ 
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<48> ^o)} a}^-S\- ufOA ^o. BDF1 *}^5L ^ # 18-25 g<H] ^<s}^ 

^-#-g- 23-24 °C5. ^S. S^o] *g ^ofl^ ^-nf ^o)§ &o] 
A>fife- 3MJ*|| ^7} pf-f^-g^ A\^t}c^ A>^-^>^cf. C57BL/6 nj-f^o} 
ojl 14 «fl<y=^ LLC 2:*]* 3tb ^ 5^-1 1 5 ^3 ^ ^ 

EHS*r* 7>«H M]S. ^^-8: °) M]S. 0.2 mm BDF1 

<49> o]Al ^ 24 A]^V«-Ei ^5-^-5 n>£)5. M-^ ^^<*^M1 -g-sflA]^ * 

WT^r 280 rag/kg, SPX -gr^!-^ zj-zf 70 nig/kg(SPXl) , 171 rag/kg(SPX2) , 30.5 rag/kg 
(SPX3) ^ 8.1 mg/kg(SPX4), SB365^ 6.4 rag/kg^ ^}^}^. ^ tfl^ofl 

^5^^ o|-c^o}-u|-o|a](o.5 mg/kg ^Af^t}. 

6 AS. ^<^4. n>-fiofl cfltb SB365S1 4t^}7l ^*fl 1 ^ofl 

2 S] -S-^-^l* ^^o.^, ^j-oj- Jrjzf^ M ^ ^ ^ # 

<so> oj. ^(^^oKnun)^^)^ 

<5i> oj-^^j- <^]-§-(%)=(C-T)>400/C 

<53> Zl a 2°fl ^Bf-^c}-. 
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lit; uur l TT — "1 HI YT n 






14 U a ) 


15 °d 


WT 


5 


56 


55 


SPXl 


5 


10 


12 


SPX2 


5 


25 


30 


SPX3 


5 


57 


60 


SPX4 


5 


8 


10 


SB365 


5 


82 


79 


oK^£lo|-n|-o|A) 


5 


60 


64 



<55> a) : ojvtfljc «H 

<56> 2 2 ofl M-EfHH w>sq- ^-o], WT ^. S px3 g.g 6. ol-XJ j£ 15 

55% * 60%^ <3*fl-§-,g- i^Ej-iflflji, SB365 ^ o}-CE]c»>D>olAlo| 64% ^o. 
79%^ oj-Aj^- t+Ej-iflatj-. 



<57> ^ofl 2 : NCI-H23 <>H^ ¥H ">^^<H1 tfl^ 

<58> -g^l-S^- 5 *fl^- 16-25 g<y, nl^- HarlanAH <y-^ D ).o if A} 

i ^ °w ^ ^«-*hh Av-g-^cf. 

22d2 °C, #-£^=r 55£%°l5^, ^ oj- o. 12 ^ - 7 ,^ ^ 

;59> SM|S # *H<g- Afljco] NCI-H231- nrH d[«a^ o]ai^4. 3H0 7 *H3./mt 

$ ^li* n>^i 20 g<£ 0.3 n*q iq*>s. ojAi^cf. aIjel^ i. 6( 3.2, 6.4 mg/kg 
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3) ^£(0.032, 0.064, 0.128 rag/20 g ^3 <5 r 5$Tr31 , <&M}£. o)4\ ^ 8 <l3*f)# 

^S-l^V3i 1 14 <^r*l 13 <U ^°J: ^- 7 o v -^5. ^A}^^cf. 7l?> ^ ^ 

^ oj-=^o>n>o]Al^. 0.5 mg/kg *fl#3 -g-^JlsL ^ ^B] 1, 5, 9 £ 14 
<60> [a 3] 









a)o|-n|-o]Al 
(0.5 mg/kg) 


SB365 
(1.6 mg/kg) 


SB365 
(3.2 mg/kg) 


SB365 
(6.4 mg/kg) 


16 




61.5 


40.1 


52.3 


82.1 



<64> 



<61> a) : oj-^ ol^l * Q]^ 

<62> S 3 ofl u^vfl tf}s>1- ^-o], SB365^ 6.4 mg/kg^S ^ *1 o}-^^ o]^ ^ i 6 <H*fl 

*)) 82.1%*fl tSKr ^-§-8: M-El-ifl^cf. 
<63> ^ofl 3: ^ 

^°fl ^-g-^ Mi*?] A549, SK-MEL-2 ^ MCF7^r ^^^^H £-°<f 
^H^HS^. tifl^<2fl^ rf^. ^Aj-g- ^^ofl L-^-f-El-^l i^sl RPMI 1640 «fl*l 

50 °C 30 7r < t*H -i-«-^SM^ ^-Eflo>^^(FBS) 100 mi, NaHC0 3 

2 g, lO^ ^H^£d>o]a] 10 o mg-g- 7}^ -g-sflAl^ 0. 1 N <^K° 

5. pHl- ^^111-1 l?\ ^A] Afl$ °i^*H ^2:^^, 4 "C^lUi 

^r^i a>-§-^^4. 3 tl: ^lcfl (propagation)^^ ^l^^o.^, ^ 
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it Jf^^-S^Ei -g-e]*>7) 9ltk ^<g^(PBS)*fl 0.5% 2% EDTA 

^*}7) 7flt^ ^iS.cf 1 ?](sulforrhodamine)-B(SRB)^# ^-§-^^4. 

^tM A V-§-^ ^li-l-l- 0.5% B^^l-EDTA o_^^ E ^ ^a^ji 

3~5>40 4 ^l£/in^ ^ojao. ^^j. ^ 96 ^ ^ eflc>lB o} ^ ^ofl i 80 ^ 7^} 

<*} 37 °C, 5% C0 2 tifl^HH 24 Aj^V afl^V5S^. ^HM^H B. (DMS0H1 

^ ^^ofl cl^ ^-£^1 *J^-g- hH^I SEfe 3^> DMSO^ ^ 

£7> 0.2% o]^l-7> 5]£-^- #3]^ 5l^5}^4. 96 € z| ^ch] c^ig ^ 



sH^V a]^1- z]-^ 20 ^ ^<H§ ^, 37 1C, 5% C0 2 Hfl^HH 48 afl<#<5)-^ 
4. 7>*V A]^oflA^| Time zero(Tz) #3MH1- ^^4. Tz #elHB ^ «fl 

#0] #\+ :f zj- #eflo]HSl wfl*!!- ^t^ji 10% H£1#^^oH1h^(TCA)^- z| 
50 ^ 7>^M 4 °C^1^ 1 a]# ^o> wj-*]^ ^li-i-g- f & l|olE5] JI^a]^ 
4. iisl -H^°l -f #5. 5-6 sj u-of 01^ TCA -g-^# 

#3*1 ^T^JI ^£o]jAi U-^ #7 ] 7 ]. T^A^tf. #Eflo]E^ 

50 1% o].^1eav ^.ofl^j 0>44 SRB-i- ^-<?] -g-^ 7}*H 30 

^^j-JI CfA] 1% 0>^]EAJ. -g-oH O.^ ^S] ^S}<*| ^^Ofl ^ SRB# S.-^ 

-3- -§- OJ ] 100 M# 7}sfl ^ n>ol H ^^eflol= £)c-1s 520 nAWH ^SL 

(O.D.) tk-Bc «SM|a°fl cfl^: ED 50 (50% effective dose) 

^11^1-^4. *}sL^r 7V^H afl«y=# a] AjTVofl SRB <#-§- 
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*IsJ*|-*] &J1 wfl^tb O.D. &* c)l5^(C)ll §>ZL AlS.* x\£[f>}JL ufl^ H 
3 O.D. Sit* ^# ^SKDiLS. Tz, C £ TS^-Ei cf-g-^l ^*H 

Sfl 41^-^ ^^£4. a Tz >T<?l (T-Tz)/(C-Tz)>4003 

^°L§. Tfl^l-Jl Tz<T°l ^-fofl^- (T-Tz)/Tz>4003 ^^SLS. 3]^} S3 4. 7fl 

^ ^Tl-S.^-^ SBji HS.ZL^3 cjjolEl 7)±r^r °1 -g-«H ^2] ^ #* 

50% *Ml*Hr ED 50 &* ^ #^#3 ^li-^ 35=* uUnz^^cf. 

£3$: A549 aI-bJ- sfl<y- 4^6)1 tflsHfe ED 50 >20 fig/mi, #n>s] ^ 

i<?] SK-MEL-2^1 cflsHfe ED 50 >l(Wm«, ^ Af^o] o.«j-oj- ^^o] MCF7 ofl tfl^fe. 
ED5o>10jug/m£-l- M-bHM, a>^^- ji^oj- ^l^ofl ^ 3} 

4. 



<67> 



*MH l: WT ^}-§- -§-^3 ^lS 



<68> 



aH HAi ^ WT ^ 250 mg-g- A5e)Ai<g^ 10 ^ *«j)a]^ ^a}-§- *6fl* 



<69> ^*|H 2: SPX3 £-^* ^"fi-*Rr ^A}-g- ^S-g- 1 ^ *fl2: 

<?o> *jX|ofl 2 o\}*\ SPX3 ^-^25 nig* 10 mH -g-*l]Al*l * f-^^s*H 
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3: SB365* ^-fr^r ^}-%- -§-°-^ ^ 

^UH 3d\)*] o. SB365 6.5 mg-i- ^Tl^j 10 in£°fl -g-sflAl^ ^A>-g- -§-<*>,§- >fl^> 

4€- ^-g- -g-^ WT ^ SPX3, ^ °1 5.-^1 SB365, 31 cfl &M1 \i 

3-0- a -L-#ic^ ( 1-2)- [ p -D-#^^^ ( 1—4) ] - a -L-o>2fHl ic^ ej-^A>o] z= 

Ji<§«3- ^i^fl tfi*H <*Ma# <^]#* M-Bf^i ^ o>u)e|. > ^-g-^o];o S 

^\ ^-^-§-# ^ SSI 0 ! , t*\& 
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[3^* 11 

*l]c-ilef7ll\i 3-Oa-L-^3Z)sf^(l-*2)-[p-D-^^3i]&)-^(i 
-4) ] - a -L-o r &r u l lc*| sH^H = 3. ^-fj-S}^ aJ^-g-(Pulsatillae radix) ^##^g- £f 

2] 

7 >§H ^-g-^ ^-^°J 

l^^ty 3] 

^12^H1 $I<H>H, ^-r-g- ^#1-1: 1 °^ -g-^ 200-300 rag/kg *H#o_3. ^M*Kr *1 
[3^*8- 4] 

^H^oHl &°H, ajj^-g. ^#-§-o) ^^--g-^- ofleV^- * oHls^- 

7 j-<5H ^Ajjq ^.g-A^ <^j7 ( o)s. Afl^^^(Sephadex) LH20 ^-fr ^f-sfl 

<2£r, Rf7> 0.48-0.50^01, ^ ^ 7}<g X\ uj-Bj-^ * u}-eJ. 

5] 

*fl4%Hl ^M-i- 1 ^ 20-40 rag/kg ^^Hfr *liL 
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l^^Q 6] 

, 3-Oa-L-^i^^e]-^(l-^2)-[|3-D-#^5i^e|^^(i 

7] 

^16%H1 91°]*), n^?])\l 3-^a-L-^s)2}ii^(l-*2)-[|3-D-#^3)Bf^(i 

^l-a-L-^til^El-icAHc-I: 1 ^ 3.5-8 mg/kg -f-<^Rr 
I^^J- 8] 

[^nF* 9] 
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[ABSTRACT OF THE DISCLOSURE] 

[Abstract] 

This invention relates to a use of hederagenin 3-0-a-L-rhamnopyranosyl((l— ►2)- 
[P-D-glucopyranosyl(l-^4)]-a-L-arabinopyranoside or a Pulsatillae radix extract 
5 containing the same as a therapeutic agent for solid tumors. 
[Representative drawing] 

Fig. 4 
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[SPECIFICATION] 



[Title of the invention] 



Use 



hederagenin 



3-0-a-L-rhamnopyranosyl((l — »2)-[p-D- 



glucopyranosyl(l — »4)]-a-L-arabinopyranoside or an extract from Pulsatillae radix 
5 containing the same as an therapeutic agent for solid tumors 
[Brief description of the drawings] 

Fig. 1 shows silica gel TLC patterns of fraction WT; 

Fig. 2 shows silica gel TLC patterns of fraction SPX3 purified on a Sephadex 
LH20 column; 

10 Fig. 3 is an HPLC chromatogram of fraction SPX3; and, 

Fig. 4 is an HPLC chromatogram of SB365. 
[Detailed description of the invention] 
[Purpose of the invention] 

[Technical field to which the invention pertains and prior arts in the field] 
15 This invention relates to a use of hederagenin 3-0-a-L-rhamnopyranosyl((l— >2)- 

[p-D-glucopyranosyl(l-^4)]-a-L-arabinopyranoside as represented by the following 
formula (I): 



OH 

or an extract from Pulsatillae radix containing the same as a therapeutic agent for 
20 solid tumors. 

Pulsatillae radix is a dried root of Pulsatilla koreana belonging to the 
Ranunculaceae family (Ki Hwan Bae, Korean Medicinal Herbs, 1999). According to the 
Chinese medicine, Pulsatillae radix is known to have effects of removing heat from the 
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blood and detoxifying. It has also been used as anti-inflammatory, astringent, hemostatic 
and antidiarrhea agents, and for the treatment of hematochezia, malaria, nosebleed, and 
bleeding from tooth. Its flower is called as Pulsatillae Flos, and used for the treatment of 
malaria, or smallpox. Its leaf is called as Pulsatillae Folium, and used for treatment of 
5 waist pain, edema, or heart pain. In addition, decoction of Pulsatillae radix was reported 
to have an antibacterial effect against amoebic dysentery, and a pesticidal effect against 
Trichomonas. 

Pulsatillae radix contains about 9% of saponins, and such ingredients as 
10 protoanemonin, anemonin, ranunculin, hederagenin, betulinic acid, and oleanolic acid 
derivatives and their glycosides have been isolated therefrom by now as represented by the 
following formula (II): 

Protoanemonin anemonin Ranunculin 




Hederagenin ; R = H 

Hederagenin 3-O-b-D-glucopyranoside ; R = glc 
Patensin ; R = glc-gal 



23-Hydroxy-betulinic acid ; R t = R 3 = H, R 2 = OH 
Pusatillic acid ; R 1t R 2 - O, R 3 = H 
Pusatilloside A ; R 1 = R 3 = H, R 2 = ara 
Pusatilloside B ; R 1 = H, R 2 = OH, R 3 * glc-glc 



15 The above ingredients have not yet been extensively studied for their 

pharmacological effects, but protoanemonin was reported to have mitotoxicity 
(Vonderbank, F., Pharmazie 5, 210, 1950). Li, et al (Li, R. Z., et al. % Yao Hsueh Hsueh 
Pao. 28, 326 31, 1993) also reported that ranunculin has cytotoxicity against KB cells, by 
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inhibition of DNA polymerase. 

Hederagenin 3-0-a-L-rharrmopyranosyl(l— ►2)-[P-D-glucopyranosyl(l— >4)]-a-L- 
arabinopyranoside was isolated from Pulsatilla cerna and P. koreana by Shimizu, et ah 
5 (Chem. Pharm. Bull, 26, 1666, 1978); from P. chinensis by Yoshihiro, et al. (J. Nat. Pro., 
62, 1279, 1999); and from Serjania salzmanniana Schlecht by Ekabo, et al. (J. Nat. Prod., 
59, 431, 1996). Kang, et al (Arch. Pharm. Res., 12(1), 42-47, 1989) also isolated it from 
P. koreana, and reconfirmed its structure. Yoshihiro, et al. reported that hederagenin and 

:» r cytotoxicity against HL-60 human leukemia cells in the 
10 above article. They reported that hederagenin 3-0-a-L-rhamnopyranosyl(l— >2)~[p-D- 
glucopyranosyl(l-+4)]-a-L-arabinopyranoside isolated from Chinese Pulsatillae radix 
) ha week cytotoxicity, i.e. 3.8 ng/ml of ED 50 , against HL-60 cells. 
However, most of saponins and many kinds of natural products commonly show such level 
of cytotoxicity, and thus, the above compound cannot be said to have antitumor activity 
15 based thereon. Therefore, it has never been known that hederagenin 3-O-a-L- 
rhamnopyranosyl(l-^2)-[p-D-glucopyranosyl(l— >4)]-a-L-arabinopyranoside has 
antitumor activity, particularly, against solid tumors. 
[Technical tasks to be solved by the invention] 

The present inventors isolated deoxypodophyllotoxin from medicinal herbs 
20 including Anthriscus sylvestris Hoffman, Pulsatillae radix, etc., and found that this 
substance inhibited the growth of solid tumor cells by inhibiting angiogenesis, and 
obtained a Korean patent (Korean Patent Number 315,200) for the same. The present 
inventors carried out extensive studies to develop an antitumor agent from medicinal herbs. 
As a result, they obtained a fraction which is poorly soluble in an organic solvent, but is 
25 readily soluble in water from Pulsatillae radix, and isolated an antitumor compound from 
the fraction, and so completed the present invention. 
[Constitution and action of the invention] 

Accordingly, the purpose of the present invention is to provide a therapeutic agent 
for solid tumors comprising an antitumor compound isolated from Pulsatillae radix or a 
30 fraction from Pulsatillae radix containing the same as an active ingredient. 
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One aspect of the present invention provides a therapeutic agent for solid tumors 
comprising a Pulsatillae radix extract containing hederagenin 3-O-a-L- 
rhamnopyranosyl(l-^2)-[p-D-glucopyranosyl(l— »4)]-a-L-arabinopyranoside as an active 
5 ingredient. 

"Solid tumors", as used herein, refer to any mass tumor except blood cancers, a 
representative example of which is lung tumor. 

10 In the present invention, the Pulsatillae radix extract containing hederagenin 3-0- 

a-L-rhamnopyranosyl(1^2)-[P-D-glucopyranosyl(l— ►4)]-a-L-arabinopyranoside can be 
obtained by extracting Pulsatillae radix with an aqueous solution of ethanol, and forming 
precipitates by adding acetone thereto to obtain a water-soluble fraction (WT). Or, it can 
be obtained by extracting Pulsatillae radix with the aqueous solution of ethanol, forming 

15 precipitates by adding acetone thereto to obtain the water-soluble fraction, and passing the 
fraction through Sephadex LH20 column to obtain a fraction (SPX3) having Rf of 0.48-0.5, 
and developing red color, and then, blue color upon spraying sulfuric acid followed by 
heating (SPX3). 

20 Another aspect of the present invention provides a therapeutic agent for solid 

tumors comprising hederagenin 3-0-a-L-rharruiopyranosyl(l— >2)-[P-D- 

glucopyranosyl(l— >4)]-a-L-arabinopyranoside as an active ingredient. 

Hereinafter, the present invention will be explained in detail. 

25 

According to the present invention, Pulsatillae radix extract is extracted with 50% 
ethanol to obtain . ■ ■viiors WT Ivhig hardly- soluble in accionc, and the fraction is further 
purified on Sephadex LH20 to obtain fraction SPX3, and from the SPX3 fraction, pure 
SB365 is finally obtained. This compound is hederagenin 3-O-ct-L- 
30 rhamnopyranosyl(1^2)-[p-D-glucopyranosyl(l— >4)]-a-L-arabinopyranoside, and exhibits 
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higher antitumor activity against solid tumors formed with mouse lung tumor cells, LLC 
(Lewis Lung Carcinoma) cells, or human lung tumor cells, NCI-H23 cells, than a clinical 
drug, adriamycin. 

5 In particular, the present process for preparing an antitumor fraction from 

Pulsatillae radix and isolating an antitumor substance therefrom is as follows. 

(1) Preparation of antitumor fraction WT from Pulsatillae radix 

10 Pulsatillae radix powder extracted with 50% aqueous solution of ethanol, and 

dried under reduced pressure. To the obtained dried material was added acetone at 5 to 
10-fold amount. The mixture was shaken, centrifuged at 3,000 rpm, and the 
supernatant was therefrom to obtain an uw. ■ . The above process was 

repeated twice. nsok;: k n, was readily soluble in water, and so 

15 designated as "fraction WT". This fraction showed relatively high antitumor activity 
against BDF1 mice transplanted with LLC cells and nude mice transplanted with NCI- 
H23 cells. 

(2) Preparation of fraction SPX3 from fraction WT 

20 

A given amount of fraction WT is dissolved in a given amount of aqueous 
solution of methanol at various concentrations, and then fractionated on Sephadex LH20 
column stabilized with the same solvent. In this case, the best isolation is achieved with 
employing 80% aqueous solution of methanol, and the suitable size of the filled column 

25 was 60x4 cm for 500 mg of fraction WT. As a result, fraction SPX1 (test tube numbers 
26-66), SPX2 (test tube numbers 66-91), SPX3 (test tube numbers 91-111), and SPX4 (test 
tube numbers 111-138) were obtained. When spraying sulfuric acid onto the fractions 
. : : ::.:e and heating the plate, the fraction SPX3 developed red color 
at first, and blue color with the lapse of time, and contains a spotted compound having Rf 

30 of 0.48 to 0.50 as a main ingredient. It was shown to have high antitumor activity on 
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BDF1 mice transplanted with LLC cells and nude mice transplanted with NCI-H23 cells. 

(3) Isolation of SB365 from fraction SPX3 

5 To isolate an antitumor substance from the fraction SPX3 showing antitumor 

activity, HPLC was carried out to obtain pure compound, SB365. To identify the 
structure of SB365, Lieberman-Burchard reaction, IR, l H-NMR, ,3 C-NMR, and 
ethanol/sulfuric acid hydrolysis were carried out. As a result, SB365 was confirmed as 
hederagenin 3-0-a-L-rhamnopyranosyl( 1 — »2)-[P-D-glucopyranosyl( 1 — >4)]-a-L- 

10 arabinopyranoside, which is a saponin ingredient that had already been isolated from 
Pulsatillae radix. 

The Pulsatillae radix extract according to the present invention or pure SB365 
compound isolated therefrom do not have cytotoxicity against solid tumor cells, but 
15 unexpectedly showed excellent antitumor activity in animal experiments. Thus, they can 
improve problems caused by previous antitumor agents on clinical use, e.g. reducing 
immune responses due to decreasing blood cells. It is also anticipated that they show low 
toxicity on rapidly dividing cells like hematopoietic cells, etc. 

20 The Pulsatillae radix fractions and SB365 according to the present invention may 

be combined with pharmaceutically acceptable carriers that are conventionally used, and 
manufactured into various formulations that are conventional in the pharmaceutical field, 
for example, orally administrable formulations like solutions, suspensions, etc.; injectable 
formulations like injectable solution or suspension, ready-to-use injectable dry powder, 

25 etc.; and topically administrable formulations like ointments, creams, and solutions. 
Particularly, the active ingredient of the present invention is soluble in water, and may be 
dissolved in various solutions such as physiological saline, Ringer's solution, and nutrient 
solution, etc. Such pharmaceutical formulations may be intravenously, subcutaneously, 
intraperitoneally, or topically administered. 

30 
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A recommended dosage of the active ingredient of the present invention to human 
beings is 3.5-8.0 mg/kg body weight in case of SB365, 20-40 mg/kg body weight in case 
of fraction SPX3, or 200-300 mg/kg in case of fraction WT. The optimal dosage is 6.5 
mg/kg body weight in case of SB365, 25 mg/kg body weight in case of fraction SPX3, or 
5 250 mg/kg body weight in case of fraction WT. However, such dosage may be 
appropriately adjusted depending on age, body weight, health, severity of disease of 
patients. 

This invention will be better understood from the following examples. One 
10 skilled in the art will readily appreciate the specific materials and results described are 
merely illustrative of, and are not intended to, nor should be intended to, limit the invention 
as described more fully in the claims, which follow thereafter. 

Example 1 : Preparation of fraction WT 

15 

Pulsatillae radix powder of 50 g was extracted three times with 500 ml of 50% 
aqueous solution of ethanol, and the extract was dried under reduced pressure to obtain 22 
g of dried materials. To this dried material was added 300 ml of acetone, and the mixture 
was shaken and centrifuged at 3,000 rpm. The supernatant was removed therefrom to 

20 give a precipitat . For precipitate, tlio accujnc trciun:o:n was repeated twice. The 
acetone layer was . , and the insoluble pan was dried to obtain 17.8 g of dried 

materials (fraction WT). The obtained fraction WT was subjected to silica gel TLC 
(developing solvent: butanol : acetic acid : water in the ratio of 4 : 1 : 1, color reaction: 
sulfuric acid-spraying followed by heating). The result is shown in Fig. 1. In Fig. 1, a 

25 blue spot having the Rf in the range of 0.48 to 0.50 corresponds to the active ingredient of 
the present invention as described below. As shown in Experimental Example 1 below, 
fraction WT showed relatively high antitumor activity (inhibition rate of tumor growth: 
57%) on BDF1 mice transplanted with LLC cells. 

30 Example 2: Preparation of fractions SPX 
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Fraction WT of 560 mg was further fractionated on Sephadex LH20 column (200 
g, 60x4 cm) using a mixed solution of methanol and water (80:20) with the flow rate of 1 
ml/min, and the fraction volume of 0.5 ml/tube. These fractions were spotted on a silica 
5 gel thin layer in order, and developed to obtain factions (developing solvent: butanol : 
acetic acid : water in the ratio of 4 : 1 : 1, color reaction: sulfuric acid-spraying followed by 
heating). The result is shown in Fig. 2. In Fig. 2, SPX1 (139 mg, 24.8%) was obtained 
by collecting test tube numbers 26 to 66, and consisted of 4 major spots, lower one of 
which developed yellow color upon reacting with sulfuric acid. SPX2 (344 mg, 6L4%) 

10 was obtained by collecting test tube numbers 66 to 91, and consisted of 2 major spots. 
SPX3 (61 mg, 10.9%) was obtained by collecting test tube numbers 91 to 111, and 
developed red color at first, and then blue color with the lapse of time, upon spraying 
sulfuric acid followed by heating. Fraction SPX3 contained .. <;\ having the in 
the range of 0.48 to 0.50 as its major ingredient. SPX4 (15.7 mg, 2.8%) was obtained by 

15 collecting test tube numbers 111 to 138. Fractions SPX3 and SPX4 had relatively high 
purity showing one spot on the thin layer. 

As shown in Experimental Example 1 below, SPX3 exhibited 60% of the 
inhibition rate of tumor growth on 15 days from its administration. By contrast, SPX1, 
20 SPX2, and SPX4 did not exhibit any action, and so it could be assumed that the substance 
developing blue color against sulfuric acid was an ingredient with antitumor activity. 
This SPX3 fraction may be used as an antitumor agent in itself. 

Example 3: Isolation of SB365 

25 

In order to isolate a pure substance from fraction SPX3, HPLC was carried out as 

follows. 

.t silica gel (RP-Cjg, 250x10 mm, manufactured by Metachem) was 
30 used as the fixed" phase, and a mixed solution of methanol and water (80:20) was used as 
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the mobile phase. The detection wavelength was 210 nm, and the flow rate was 1 ml/min. 
The result is shown in Fig. 3. As shown in Fig. 3, SPX3 consisted of 3 major substances. 
From the obtained fractionated amounts, peaks at R t of 8.5 min and 10.4 min contained 
small amounts of ingredients, and a peak at R t of 23.3 min contained the major ingredient. 
5 Thus, it was assumed that the latter would have antitumor activity. As described above, 
the substance with R t of 23.3 min that developed blue color with sulfuric acid and would 
be the active ingredient was collected to obtain SB365 of 2.8 mg from 31 mg of SPX3. 
The collected fraction at R t of 23.3 min was dried, and was subjected to HPLC under the 
condition as described above to measure its purity. The result is shown in Fig. 4. From 
10 Fig. 4, it was confirmed that SB365 was a pure substance. The obtained SB365 was 
directly used for the structural identification and antitumor activity test below. 

As shown in Experimental Examples 1 and 2 below, SB365 exhibited 81% and 
82.1% of the inhibition rate of tumor growth on BDF1 mice transplanted with LLC cells 
15 and nude mice transplanted with NCI-H23 cells, respectively, which could be said to be 
excellent antitumor activities. 

Example 4: Structural identification and confirmation of the active compound SB365 

20 SB365 isolated in the above was the white amorphous form with m.p. 239-241 °C 

and [cx]d +23.6° (c, 0.2, MeOH), and was positive in Liebermann-Buchard reaction, and so 
confirmed as a glycoside. In addition, according to IR (cm -1 ), peaks were observed at 
3400 (br, -OH), 2940 (br, C-H), 1695 (C=0), 1455, and 1040 (C-O). It was also assumed 
as a glycoside from the absorption peaks in the ranges of 1000-1 100 and 3000-3400. 

25 

In view of 'H-NMR, it had NMR patterns typical of saponins. Six -CH3 groups 
were observed at 0.91, 0.92, 0.98, 1.00, 1.07; and 1.21 ppm, and another -CH3 group was 
observed as doublet at 1.64 ppm. It could be seen from this that the compound comprised 
.one rhamnose group in its sugar groups. Anomeric protons were observed at 6.25 (br.), 
30 5.11 (1H, J=7.80~Hz), and 4.97 ppm (1H, J=6.66 Hz). Therefore, SB365 was confirmed 
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as a glycoside having three sugar groups. 

According to l3 C-NMR, a hydroxymethyl group was observed at 65. 4 ppm (C- 
23), and three anomeric carbon signals was observed at 140.2 (C-T), 106.7 (C-1'"), and 
5 101.7 ppm (C-1'). Two olefinic carbons were observed at 122.5 ppm (C-12) and 144.8 
ppm (C-1 3), and one carboxy carbon was observed at 180.2 ppm (C-28). In general, 
about 4 Hz of glycosylation upfield shift is shown when sugar is bound at the 28 position 
(180.2 ppm— ► 176.2 ppm). In the present compound, the above phenomenon was not 
observed, and so it was confirmed that the compound does not have a sugar group in the 28 
10 position. 

Subsequently, the compound was hydrolyzed in ethanol/sulfuric acid to identify 
its sugar groups and the structure of aglycone. SB365 was confirmed as hederagenin 
after comparing physicochemical data of the hydrolysis product, aglycone, 13 C-NMR, and 
15 'H-NMR data. Further, the hydrolyzed sugars were confirmed as rhamnose, arabinose, 
and glucose by comparative TLC. 

On the basis of the above analysis results and data in published literatures, SB365 
was confirmed as hederagenin 3-0-a-L-rhamnopyranosyl((l~^2)-[p-D- 
20 glucopyranosy 1( 1 — >4)]-a-L-arabinopyranoside. 



'H-NMRand 13 C-NMR data of SB365 are as shown in the following Table 1. 
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Experimental Example 1: Antitumor activity on BDF1 mice transplanted with LLC 
cells 

5 The mouse species used in this experiment was BDF1, and healthy male mice 

with the body weight of 18-25 g were used. These animals were supplied with water and 
foods ad libitum at a place of controlled temperature in the range of 23-24 °C, and were 
bred with an antibiotic-free mouse feed. LLC cells were subcutaneously cultured in 
C57BL/6 mice for 14 days. A LLC cell-containing tissue was taken and thereto was 
10 added sterilized cold physiological saline water (5 ml/g tissue) to prepare a cell suspension. 
The cell suspension of 0.2 ml was subcutaneously transplanted to the groin region of BDF1 
mouse. 

From 24 hours after transplantation, the above mice were divided into several 
15 groups consisting of 5 mice. Then, samples, fractions WT and SPX ira-. mis, and SB365, 
were dissolved in physiological saline, and were injected intraperitoneally at each 
concentration of 280 mg/kg (WT), 70 mg/kg (SPX1), 171 mg/kg (SPX2), 30.5 mg/kg 
(SPX3), 8.1 mg/kg (SPX4), and 6.4 mg/kg (SB365). To the negative control group was 
injected only the physiological saline, and to the positive control group was injected 
20 adriamycin (0.5 mg/kg). The injection was scheduled from 24 hours after tumor 
transplantation to administer the samples successively once a day for 7 days, and stopped 
for one day, and then, was carried out for 6 more consecutive days. 

In order to evaluate toxicity of SB365 on mice, experimental mice were weighed 
25 twice a week. Antitumor activity was calculated after measuring tumor volume of the 
control and test groups on 14th and 15th day after sample administration as follows: 
Tumor volume (mm 3 ) = length (mm) x width 2 (mm 2 ) / 2 
Inhibition rate of tumor growth (%) = (C - T) x 100 / C 

(C: average tumor volume in the control group, T: average tumor volume in the 
30 test group) 
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The result is shown in the following Table 2. 
[Table 2] 

5 Inhibition rate of tumor growth (IR, %) of Pulsatillae radix fractions and SB365 on BDF1 



mice transplanted with LLC cells 



Fractions or compounds 


Number of mice 


Inhibition rate of tumor growth (%) 


14 days a) 


15days a) 


WT 


5 


56 


55 


SPXl 


5 


10 


12 


SPX2 


5 


25 


30 


SPX3 


5 


57 


60 


SPX4 


5 


8 


10 


SB365 


5 


82 


79 


Adriamycin 


5 


60 


64 



a) Days after transplantation of tumor cells 



As shown in the above Table 2, fractions WT and SPX3 showed the inhibition rate 
10 of tumor growth of 55% and 60%, respectively, and SB365 showed the inhibition rate of 
tumor growth of 79%, higher than adriamycin of 64% on 15th days from transplantation of 
tumor cells. 

Experimental Example 2: Antitumor activity on nude mice transplanted with NCI- 
15 H23 cells 

Female nude mice of the age of 5 weeks weighing 16-25 g obtained from Harlan 
Co. (USA) were used as experimental animals in this experiment. The mice were used 
after acclimation for 1 week in an aseptic animal room. The animal room maintained the 
20 temperature of 22±2 °C, the humidity of 55±5%, and the light and darkness cycle of 12 
hours, which was automatically controlled. Solid feed for experimental animals was 
radiosterilized, and drinking water was sterilized in an autoclave. The animals were 
supplied with* feed and drinking water ad libitum. A human tumor cell line provided by 
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National Cancer Institute (NCI), USA, and preserved in the Korean Research Institute of 
Bioscience and Biotechnology (KRIBB), Korea, was used. Lung tumor cells, NCI-H23 
cells, among the human tumor cells, were transplanted to the nude mice. The tumor cells 
of 3*10 7 cells/ml were subcutaneously transplanted to the mice at a volume of 0.3 ml/20 g 
5 body weight. The samples were intraperitoneal^ injected to the mice every day for 13 
days, that is, from 1 day to 14th day except 8th day after tumor cells transplantation. The 
size of tumor formed during the injection was measured in each animal, and any change in 
its body weight was also measured. On 16th day after tumor cells transplantation, the 
nude mice were sacrificed, and the tumor was separated and weighed. To the positive 
10 control group was intraperitoneal^ injected adiamycin of 0.5 mg/kg body weight on 1st, 
5th, 9th, and 14th day. The result is shown in the following Table 3. 

[Table 3] 

Inhibition rate of tumor growth (IR, %) of SB365 on nude mice transplanted with NCI- 
15 H23 cells 



Group 


Inhibition rate of tumor growth < 


(%)onNCI-H23 


Negative 
control 


Adriamycin 
(0.5 mg/kg) 


SB365 
(1.6 mg/kg) 


SB365 
(3.2 mg/kg) 


SB365 
(6.4 mg/kg) 


16th day a) 




61.5 


40.1 


52.3 


82.1 



a): Days after tumor cells transplantation 



As shown in the above Table 3, SB365 of 6.4 mg/kg showed a high inhibition rate 
of tumor growth, 82. 1%, on 16th day after tumor cells transplantation. 

20 

Experimental Example 3: Cytotoxicity test 

Tumor cells A549, SK-MEL-2, and MCF-7 were obtained from the KRIBB, and 
used in this experiment. A culture medium was prepared by adding one pack of L- 
25 glutamine-containing RPMI1640 medium, 100 ml of fetal bovine serum (FBS) inactivated 
by heating at a water bath of 50 °C for 30 minutes, 2 g of NaHC0 3 , 100,000 units of 
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penicillin, and 100 mg of streptomycin, to a sterilized distilled water for injection, 
adjusting the pH of the mixture with 0.1 N HC1 to a total volume of 1 1, and disinfecting 
the mixture with filtration, and stored at 4 °C before use. The cells were maintained by 
propagation once every three days, and a solution containing 0.5% trypsin and 2% EDTA 
5 in physiological buffered saline (PBS) was used to detach the cells from wells. 

Cytotoxicity on tumor cells was measured according to Sulforhodamine-B (SRB) 
method developed by the NCI in 1989 to measure in vitro antitumor activity of drugs. 

10 Specifically, the cells were detached from wells with 0.5% trypsin-EDTA solution 

and then, 3-5 *10 4 cells/ml of cell suspension was prepared. Then, the cell suspension 
(180 (il/well) was added to 96-well plate, and the plate was incubated in an incubator of 37 
°C, 5% C0 2 for 24 hours. 

15 The sample was dissolved in dimethylsulfoxide (DMSO) and diluted with the 

culture medium or tertiary distilled water to obtain required concentrations for experiment, 
and serially diluted to a final concentration of DMSO of 0.2% or less. To each well of 
96-well plate were added 20 |il of the serially diluted sample solutions, and then, the plate 
was incubated in an incubator of 37 °C, 5% CO2 for 48 hours. At the point of time to add 

20 the sample solution, T 2 (Time zero) plate was collected. Medium was removed from T z 
plate and from each plate after completing the incubation, and to the plates was added 10% 
trichloroacetic acid (TCA) (50 (il/well). The resulting plates were allowed to stand for 1 
hour at 4 °C to immobilize the cells on the bottom of the plates. After completing the cell 
immobilization, the plates were washed 5-6 times with water to completely remove the 

25 remaining TCA solution, and the resulting plates were dried at room temperature to contain 
no moisture. 

To the completely dried plates was added 50 \i\ of a staining solution with 0.4% 
SRB in 1% acetic acid to stain the cells for 30 minutes. Then, the plates were washed 
30 5-6 times with 1% acetic acid solution to completely remove SRB unbound to the cells. 
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The plates were dried at room temperature, 
solution to dissolve the dye. Then, OD 
microplate reader at a wavelength of 520 nm. 



Thereto was added 100 jil of 10 mM Tris 
(optical density) value was measured by 



ED 5 o value of the sample on tumor cells (50% effective dose, ng/ml): a 
concentration at which tumor cell growth is inhibited by 50%) was calculated as follows. 
T z value was defined as OD value at the time of starting the incubation after adding the 
sample, C (control) value as OD value of the well not treated with the sample, and T (test) 
value as OD value of the well treated with the sample. From the values T z , C, and T, 
cytotoxicity of the agent was measured by the following formula: 

- in the case of T z > T, (T - T z ) / (C - T 2 ) x 100 

- in the case of T z < T, (T - T z ) / T z x 100 

From the values as calculated above, ED50 value of the sample was obtained by 
using data regression function of Lotus program. 

As a result, ED50 value of SB365 on human lung tumor cells, A549 cells, human 
melanoma cells, SK-MEL2, and human breast tumor cells, MCF7 was >20 |!g/ml, >10 
(ig/ml, and >10 (ag/ml, respectively. Therefore, SB365 had little cytotoxicity on solid 
tumor cells. 

Formulation Example 1: Preparation of an injectable solution containing fraction 
WT 

WT fraction of 250 mg obtained in Example 1 was dissolved in 10 ml of 
physiological saline to prepare an injectable solution. 

Formulation Example 2: Preparation of an injectable dry powder containing fraction 
SPX3 
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SPX 3 fraction of 25 mg obtained in Example 2 was dissolved in 10 ml of Ringer's 
solution, sterilized and then, freeze-dried to prepare ready-to-use injectable dry powder. 
This powder would be re-constituted with distilled water for injection before use. 

5 Formulation Example 3: Preparation of an injectable solution containing SB365 

SB365 of 6.5 mg obtained in Example 3 was dissolved in 10 ml of Ringer's 
solution and sterilized to prepare an injectable solution. 
[Effect of the invention] 

10 Pulsatillae radix factions WT and SPX3, and SB365, hederagenin 3-O-a-L- 

rhamnopyranosyl((l — >2)-[p-D-glucopyranosyl(l — >4)]-a-L-arabinopyranoside, isolated 
from the fractions according to the present invention, not only have a high inhibition rate 
of tumor growth on solid tumor cells, but also can be conveniently used by dissolving in 
various solutions including physiological saline, Ringer's solution, or nutrient solution 

15 because it is readily soluble in water, and has low cytotoxicity enough to ameliorate side 
effects of previously developed anti-tumor agents. Therefore, it is anticipated to be very 
useful as a therapeutic agent for solid tumors. 
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[Claims] 
[Claim 1] 

An agent for treating solid tumors, comprising an Pulsatillae radix extract as an 
active ingredient, wherein the Pulsatillae radix extract contains hederagenin 3-O-a-L- 
5 rhamnopyranosyl((l — »2)-[p-D-glucopyranosyl(l -^4)]-a-L-arabinopyranoside. 
[Claim 2] 

The agent according to claim 1, wherein the Pulsatillae radix extract is prepared 
by extracting Pulsatillae radix with an aqueous solution of ethanol, and forming 
precipitates by adding acetone thereto to obtain a water-soluble fraction. 
10 [Claim 3] 

The agent according to claim 2, wherein the Pulsatillae radix extract is 
administered at a daily dose of 200 to 300 mg/kg body weight. 
[Claim 4] 

The agent according to claim 1, wherein the Pulsatillae radix extract is a fraction 
15 having R f in the range from 0.48 to 0.50 and developing red color, and then, blue color, 
upon sulfuric acid spraying followed by heating, which fraction is prepared by extracting 
Pulsatillae radix with an aqueous solution of ethanol, forming precipitates by adding 
acetone thereto to obtain a water-soluble fraction, and passing the fraction through a 
Sephadex LH20 column. 
20 [Claim 5] 

The agent according to claim 4, wherein the Pulsatilla radix extract is 
administered at a daily dose of 20 to 40 mg/kg body weight. 
[Claim 6] 

An agent for treating solid tumors, comprising hederagenin 3-O-a-L- 
25 rhamnopyranosyl((1^2)-[p-D-glucopyranosyl(W4)]-a-L-arabinopyranoside as an active 
ingredient. 
[Claim 7] 

The agent according to claim 6, wherein hederagenin 3-O-a-L- 
rhamnopyranosyl((l — >2)-[P-D-glucopyranosyl(l — >4)]-a-L-arabinopyranoside is 
30 administered at a'daily dose of 3.5 to 8 mg/kg body weight. 
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[Claim 8] 

The agent according to any one of claims 1 to 7, which is dissolved in a solution 
selected from the group consisting of physiological saline, Ringer's solution, and nutrient 
solution, for administration. 
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[Fig. 1] 
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[Fig- 3] 
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